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P  H  E  F  A  C  E. 

in  this  thesis  we  have  endeavored  to  nake 
'\   comparison  between  the  various  methods  of  ob- 
taining the  commercial  efficiency  of  direct  cur- 
rent machines.   This  was  accompliehed  by  'taking 
tests  on  the  Holtzor  Cabot  set  in  the  DJrnarao 
Laboratory  of  the  Armotir  Institute  of  Technology. 
This  set  consists  of  the  two  direct  current, 
direct  connected,  110  volt,  45.5  amperes,  1,300 
H.P.-/..  machines  /'16,880  and  #16,881.   For  the 
methods  of  running  these  tests  ^e  consulted  the 
various  references  given  in  the  bibliojfT'ap>;y. 
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P  A  ^  T   1. 
_IHTRODUGT_ION. 

Conunercial  efficiency  is  expreaeed  by  the 
fraction  obtained  by  dividing  the  machines  avail- 
able output  by  its  actual  input.   This  efficiency 
is  an  important  rceasurement  of  the  duty  of  a  gen- 
erator, since,  in  making  a  compariaon  between  two 
machines  of  equal  cost  and  eciual  rnec"^anlcal  work- 
manship, the  one  which  gives  the  highest  com-^er- 
cial  officiency  is  the  most  econoinlc"".!  to  the 
UBor.   T>>o  r'Jliability  of  '■his  efficl^incy  depends 
upon  the  accuracy  of  measuring  the  inpi.it  and  out- 
put of  the  machine.   There  are  several  mechan- 
ical, and  as  niany  electrical,  methods  of  dolngthis, 

The  only  mechanical  me+hod  which  we  used 
was  the  Prony  brake  method.   This  method  is  aorae- 
times  called  the  direct  method  because  both  the 
input  and  output  are  measured  directly,   An  act- 
ual load  tost  is  necessary,  a  brake  is  used  with 
mo tore,  and  generators  are  generally  loaded  on 
resistan-es.   Vhile  the  measurement  of  elect-^ical 
Inpu'  or  output  is  comparatively  simple,  determ- 
ing  the  Tiechanical  power  requires  a  brake,  a 


transmission  dynaniome*^0r,  or  similar  devices  which 
aro  neither  easily  operated  nor  accurate  in  resvdts, 
evon  on  small  machines  and  hardly  applicable  for 
large  machines.   Moreover,  the  waste  of  power, 
unavoidable  with  such  a  test,  is  objectionable, 
and  in  many  cases  even  prohibitive,  because  it 
may  be  quite  impossible  to  get  the  necessary  a- 
mount  of  power.   The  results  obtained  cannot  be 
vory  acciirate,  because  the  losses  are  determined 
as  a  difference  between  two  large  and  not  very 
different  quantities,  the  input  and  output.   A 
small  error  in  either  of  these  may  result  in  a 
considerable  error  in  the  value  of  the  efficiency. 

The  electrical  methods  which  we  performed 
in  our  tests  rere  th©  stray  power  and  various  oppo- 
sition methods.   The  stray  power  method  is  an  in- 
direct one,  the  com-  ercial  offtoienoy  being  ex- 
pressed in  terms  of  either  the  'nput  or  output  add 
the  losses.  The  indirect  method  is  usually  em- 
ployed in  determining  efficiencies,  and  by  its 
use  the  peparation  of  the  losses  into  the  separate 
components  is  made  possible.   This  method  of  ob- 
taining the  efficioncy  from  losses  is  not  auite 


accurate,  for  the  reason  that  the  speed  does  not 
remain  constant  at  all  loads,  but  nay  drop  a  few 
per  cent  betweon  no  load  and  full  load.   ThiB 
method,  however,  is  invariably  adoptwi  for  deter- 
mining the  efficiency  of  generators  and  large 
motors  when  two  machines  of  similar  deaipn  are  not 
available  for  determing  the  efficiency  by  an 
oppoBiticn  method* 

Testa  for  determining  the  officioncy 
vithout  the  expenditure  of  much  energy  may  be  con- 
veniently performed  -.Then  two  machines  of  about 
the  same  size  are  available.   The  machines  are 
then  loaded  to  their  full  capacity  on  each  other, 
no  power  being  wasted  in  outside  resistances,  or 
in  a  rr.ny  brake.   The  machines  are  connected 
mechanically  and  electrically,  and  driven  so  that 
one  machine  acts  as  a  generator,  the  oth'^r  as  a 
motor.  The  motor  drives  the  generator,  while 
the  latter  supplies  electric  power  back  to  the 
motor.   This  is  called  the  opposition  or  the 
"pumping  back"  method  of  testing  machines.   If 
the  machines  //ere  ideal  the  set  would  be  self 


containod  and  would  require  no  power  frora  the  out- 
side to  drivo  it.   In  reality,  the  losses  in  both 
machines  must  be  supplied  either  by  an  auxiliary 
motor,  a  booster,  or  by  connecting  the  set  to  a 
source  of  sup^^ly.   The  power  supplied  to  'he  set 
from  outside  covers  only  the  losses  in  both 
machines  emd  therein  lies  the  economy  of  the  method. 

The  methods  by  which  t fo  electrical  mach- 
ines may  be  run  in  opposition  are  usually  class- 
ified according  to  the  way  in  which  the  losses 
are  supplied.   Copper  losses  may  be  supplied 
elGCtric-illy  or  mechanically,  and  the  stray  loss- 
es may  also  be  supplied  either  electrically  or 
naechanicilly.   This  gives  four  possible  combin- 
ations. 

(1)  Copper  losses  supplied  electrically 
and  stray  power  losses  supplied  mech- 
anically,  (a)  Blondel's  Opposition  Method. 
(1)  Copper  losses  supplied  electrically 

and  stray  power  losses  supplied  Hl*otrioally. 
(a)  Kapp's  Opposition  Method » 
|b)  Hutchinson's  Opposition  M-thod. 


('^)  Copper  losses  cupplled  meohanlo^lly 
anrt  stray  power  losses  supplied  mech- 
anical' ly. 

(a)  Kopkinson'a  Opposition  ^^ethod. 
(4)  Copper  losses  supplied  mechanically 
and  stray  power  losses  supplied 
electricallly. 
(a)  Impracticahlo. 
Speed  readings  in  all  tes*-p  were  talren 
on  a  frequency  meter  connected  to  slip  rings  on 
armature  of  the  machine. 


p  A  £  T  a. 

PROrri  BRAI-IK  'KXHOD. 
The  schome  of  oonnectione  for  the  nethod 
aro  as  shown  in  the  diaftram  on  par©  9  •   I*' or  this 
tent  h'at  one  of  the  raachinoe  was  ueerl,  the  other 
being  dinoonnected.   Owinp;  to  the  high  speed  of 
this  machine  and  the  excessive  weight  of  the 
brakes  at  hand,  we  borrowed  one  from  the  ;"*^ch- 
anical  Department  to  carry  out  our  test,  ^e 
experienced  sone  difficulty  in  detemininp  the 
dead  ivelght  of  this  brake,  two  methods  beinp,  en- 
ployed.   The  first  irethod  was  to  support  the  brake 
on  a  knife  edge  and  take  readin/^s  of  ite  weight, 
i'he  second  method  was  to  place  the  brake  on  a 
pulley  ard  t^.en   to  rotate  the  latter  unifornally 
by  hand,  first  In  one  direction  and  then  in  the 
opposite  direction,  and  to  take  readings  of  its 
weight  in  each  case.   One  reading  gave  us  the 
dead  weight  of  the  brake  plus  the  friction  and 
the  other  reading  gave  us  the  dead  weight  of  the 
brake  minus  the  friction.   The  sum  of  these  read- 
ings divided  by  two  gave  us  the  dead  weight  of  the 
brake.   These  two  methods  checked  up  very  well. 


Befor'^  coraraenoing  this  test  we  operated 
the  motor  for  about  two  hours  under  full  load,  in 
order  to  obtain  a  constant  tenperature  in  the  wind- 
ings. Owing  to  the  peculiar  constructi'^n  of  the 
fields  it  was  impoesible  to  measure  the  temper- 
ature by  the  use  of  thermometers,  therefore,  the 
rise  in  resistance  was  used  as  an  indication  of 
the  temperature, 

the  object  of  this  method  of  test  was  to 
measure  tho  electrical  power  supplied  to  the  motor 
and  the  mechanical  power  delivered  by  the  motor. 
The  electrical  power  aupplied  to  the  motor  was 
numwnteally  equal  to  the  product  of  the  current 
multiplied  by  the  pressure  measured  at  the  ter- 
minals of  the  machine.   The  mechanical  output 

•ffas  measured  by  applying  a  friction  brake  to  the 

e 
rim  of  a  pul]^  on  the  motor  shaft,  and  measuring 

the  retarding  force  exerted  by  the  brake  on  the 

pulley.   Hy  varying  the  pressur^e  of  the  brake  on 

the  motor  v/e  regulatci  the  load  from  a  low  value 

up  to  the  full  output  for  which  the  motor  was 

designed. 


Let  I  =  current  in  amperes  oonaiimed  by  the 

motor. 

Let  K  =  volt-'.fce  at   terminalB  of  niotor. 

Then   input   to  motor  -  £  I  watts  =   >"■:  x      II,   p, 

fATT" 

To  determine  the  mechanical  output  of  the  r'otor,  let; 

L  =  lenftth.  In  ft.  of  lever  fron  center  of 
pulley  tc  point  of  support. 

P  =  deeui  weight  of  brake. 

P  =  scale  reading. 

S  «  speed  of  machine  in  R.  P.  M, 
Power  outfit  at  pulley  of  motor  therefore  =  P  tt  s(  P-P) 

The  efficioncj  of  the  motor  at  any  particular  load 
is  therefore 

2  TT  S  (P  -  P)  ^  746 

-S,(5oo    *  TT~ 


'Vv. 


*-    'liv^ 


EXPERmEHTAI  DATA. 
PRONY  BRAKE  JffiTHOD.       (Test   One. )        April?, 


15.71 


19.71 


108.8 


108.8 


23.  ca 


108.8 


m'' 


24.71 


27.00 


30.60 


108.8 


32.00 


53.  30 


108.3 


37.40 


108.  a 


39.50 


1.3.8 


41.48 


103.3 


46.37 


108.8 


Pleld   current,  (correc 


Ij^  -  Armature 
I  -  Total 


B  -  Volta:je.   (correct:d) 
W  -  Gross  wei,:ht. 
3  -  jpoed  in  r.>.::. 


y 


.>? 


CALCULATED  DATA. 


PRONY  BRAKE  IIETHOD.         (Test  One.)       April  7,   1910. 


is.^ 


6.72  .5141 
7.22  .5141 
7.72    .5141 


10.72 
11.02 


B.H.P. 

0.000 

1.408 

1.655 

1.912 


2.427 


2.941 
3.455 
3.712 
3.969 
4.483 
4.740 


5.511 
5.665 


E.H.P. 

1.379 

2.293 

2.597 

2.874 

3.355 

3,603 

3.937 

4.462 

4.667 

4.929 

5.454 

5.760 

6.051 

6.560 

6.7r2 


S     -  Speed  in  r.p.m. 

2  -  Net  weight.      , 
K  -(5.2832  L  S)  divided  "by  (33000) 
B.H.P.-  K  multiplied  by  ¥3 


P  -  Watts  input. 
E.H.P.-  P  divided  "by  746 
E  -  CoEnaerical  efficiency. 


wm. 


fSi^. 


^■■^^^ifj^f. 


EXPERIIIENTAL  DATA. 
PROllY  Bl^AKE  HETHOD.      (Test'^wo.)     April?, 


2.01  lo.> 


9.46  108.8 

17.81  108.8 


2.01  17.7  19.71  108.8 

2.01  20.7  22.71  103.8 

2  01  22.6  24.61  108.8 

24.5  26.51  108.8 

2.01  28.0  30.01  108.8 


30.0  32.00 


108.8 


2.00  32.4  34.40  108.8  9.0 

2.00  35;5  37.50  108.8  10.0 


37.8  39.80 


2.00  39.9 


41.90 


108.8  10.5 

108.8  11.0 


2.00    42.9    44.90    108.8    12.0 
2.00    44.5    46.50    108.8    12.3 

I^  -  rield   current,  (corrected) 

-  Armature   . .       . . 

-  Total 
1     -  Voltace.      (corrected) 

W     -  Gross  \veisht. 
:     -  Speed  in  r.p.n. 


calculate:!)  data. 


PROITY  EiUKB  KHITHOD. 


(Test  Two. )   April  7, 


10.72 
11.02 


B.H.P. 


0.00    .5141    0.000    1029 


.5141 


5.22    .5141 
5.72    .5141 


6.72    .5141 


1.655 


3.72        .5141  1.912 

4.72        .5141  2.427 


2.684 


3.455  3264 


7.22    .5141    ;5.712 
7.72    .5141    3.969 


4.483    4080 
4.740    4230 


4.997 


E.K.P. 
1.379 


3.  864 


4.375 


5.017 
5.469 
5.670 
6.110 
6.548 
6.795 


J     -  Speed  in  r, p.m. 

^2  -  Ket  wei^t. 

"       .    (6.2832  LS)   divided  by    (33000) 
B.H.P.-K  multiplied  by  V/g 

r     -  \Tatts  input. 
2.H.P.-P  divided  by  746 

E     -  Coramerical   efficiency. 
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EFFICIENCY. 


PART  3. 
oTRAY  po'<?u;r  MBTHOD. 
Tho  scheme  of  connectione  for  this  method 
are  as  shoATn  in  the  diagram  on  page  20  .   This 
method  consists  of  measuring  the  various  losses 
separately.  These  losses  are  the  copper  loss  and 
stray  power  losn.   The  stray  power  loss  is  the 
power  expended  in  turning  the  armature  of  a  r'^ner- 
ator  or  a  motor,  when  ^he  field  is  excited  and 
there  is  no  current  in  the  armature  winding.   Be- 
fore con-'ifincinf  this  test  we  operated  the  set  for 
about  t-vo  hours  under  ful?.  load  in  ordor  to  ob- 
tain a  constant  temperature  in  the  'Tindings. 

Ln   order  to  find  the  range  of  stray  power 
loss  vith  load  wo  proceeded  in  the  follcring  man- 
ner.  We  operated  one  of  the  machines  as  a  motor 
at  cons+ant  normal  speod  and  no  load,  impressing 
upon  its  terminals  a  ran-^e  of  voltages  and  taking 
readings  of  input.   Cince  the  counter  ele^-tro  motive 
force  varies  as  the  load  a  curve  showing  the  varia- 
tion of  stray  power*  loss  with  counter  electro  mo- 
tivo  force  was  plotted  from  the  above  readings. 
This  curve  is  shown  on  page  30  . 


The  stray  power  lose  was  calculated  from  the  eqiatlon. 
Wg  -  E.I.  -  I-E. 
where     -Vg  =  stray  power  lose  in  ^otor  or  generator 
E  =  Torminal  voltage , 
1  =  Armature  ourronL. 
H  =  Arnature  reel stance. 
For  calculating  the  commercial  efficioncy 
of  the  rr.otor  we  used  the  following  equation. 


Com,  Eff.  =  Ji:i  -  (Ig^a  "*"  •"•? \ '•^ 
gl 


For  calculating  the  coinneroial  efficiency 

of  the  generator  we  used  the  following  equation. 

EI 
Com.  Eff. 


EI  fdlK^tlf^^-  's^ 


Where    E  =  terrainal  voltage. 
I  =  Total  current. 


I_=  Armature  ciirrent. 


I^=  Field  current. 

J. 

R^=s  Armature  resistance. 
Rj.  =  Fir-Id  resistance. 
'.V„  =s  Stray  power  loss. 


Determination  of  Stray  Power  Loss.  April  8,  1910, 


100.8 
102.7 
104.8 
106.8 
.B08.7 


621.6 
635.6 
648.9 
663.6 
677.6 
692.3 
705.6 
718.9 
733.3 
747.6 
760.9 


615.9 
629.9 
643.2 
657.9 
671.9 
686.6 
699.9 
713.2 
727.6 
741.9 


758.1 


B  -  Voltage. 

I  -  Armature  current. 


resistance. 


W„-  Stray  power  loss, 


EniERryENTAL  DATA. 
STRAY  POWER  MBTHOD.      (Test  One.)     April  8,   1910. 


2.07  108.7  0.0 

2.04  108.7  6.9 

2.02  108.7  7.4 

2.00  108.7  12.1 

1.99  108.7  17.7 

1.99  108.7  22.6 

1.98  108.7  27.3 

1.98  108.7  31.4 

1.97  108.7  37.2 


1.95    108.7 


S  -  Speed  in  r.p.m. 


I  -  Armature  current  of  motor. 


I--  Pi  eld 


. .generator. 
.  .  motor. 


.,  generator!,  r 


E  -  Voltage  of  motor. 
E'-    ..    ..  generator. 


CALCULATED  DATA. 
STRAY  POV/ER  MSTHOD.   (Test  One.)   April  8,  1910. 


11.13  108.7  107.4  747.3  1435  14.3  225.0  31.12 

17.86  108.7  106.7  741.9  2163  37.2  221.7  53.80 

22.78  108.7  106.1  736.9  2696  60.3  219,6  62.35 

27.20  108.7  105.5  733.1  3174  85.8  217.4  67.50 

33.70  108.7  104.8  728.1  3783  131.7  216.6  69.90 


37.91   108.7    104.3    724.6   4337   156.6    216.3 


74.65 


42.32  108.7  103.8  721.3  4815  207.5  216.2  76.25 
46.92  108.7  103.3  717.5  5305  255.2  215.2  77.81 
52.43  108.7  102.6  712.1  5913  313.5  214.1  78.84 
57.05   108.7   102.1   708.8   6413  376.8   211.9   79.90 

I  -  Armature  current  of  motor. 

E  -  External  voltage. 

E'  -  Internal 

W  -  Stray  power  loss  of  motor. 

EI  -  power  taken  "by  motor.         ' 

2 
Ij^R^-  Copper  loss  in  armature. 

EI^-  Field  loss. 

Ejj^-  Commerical  efficiency  of  the  motor. 


CALCULATED  DATA. 
STRAY  POWER  METHOD.   (Test  One.)  April  8,  1910. 


h\       ^^: 


0    0.0 


86.7  87.6        607.5 

104,8        105.9        736.2 


7.6  85.2        50.55 

9,9        182.3        51.35 


12.1  104.5  106,1  736,4  1468  22.1  180.5  61.00 

17.7  104^0  106.2  737.9  2042  43.6  176'.  8  68.05 

22.6  103.8  106.6  740.4  2547  68.4  178.6  72.05 

27,3  103.5  106.8  742.4  3025  96.3  176.8  74.85 


102.9        106.7        741.3        3429      125.3        175.0 


76.75 


37.2    102.0   106.4   738.4   3988  172.8   171.3   78.79 
41.7    102.0   106.9   743.2   4447  214.7   171.3   79.85 

I_-  Armature  current  of  generator  . 

E  -  External  voltage. 

E'-  Internal   . . 

W—  Stray  power  loss  of  generator. 

8 

EI  -  Power  taken  "by  generator. 
I?Rj^-  Copper  loss  in  armature. 
EI--  yield  loss. 

E  -  Coinmarical  efficiency  of  the  generator, 

S 


EXPERIMEIITAL  DATA. 
ITl-JCf  POV/niP.  in^TlfOD.       (Test  Two.)     April  8,    1910. 


2.07  103.7 


0.0  0.00 


2.04  108.7 


2.01  108.7 


2,00  108,7 


6.8  1.32 


108.7  12.1 

108,7  17.7 


108.7     ,     27.3 


1.98  108.7 


37,2  1.90 


1.95    108,7    41,7    1,90 
-  Speed  in  r.p.a. 
>  Armature  current  of  motor. 
1-    .,      ..    ..  generator. 


,-  Field 


.,  motor. 


. .  generator. 


-  Voltage. of  motor. 


. ,  generator. 


/ 


CALCULATED  DATA. 


STRAY  POWER  METHOD.   (Test  Two. )  April  8,  1910, 


11.23  108.7  107.4  747.3  1446  14.5  225.0  31.08 
13.35  108.7  106.6  740.6  2217  39.2  221.7  54.85 
22.26   108.7   108.1   737.2   2642   55.6   221.7   61.55 


26.79  108.7  105.6  734.1  3122  83.3  218.5  66.70 
32.28  108.7  105.0  729.3  3728  121.0  219.6  71.25 
38.00  108.7  104.3  7^24.6  4359  167.5  218.5  74.56 
42.30   108.7   103.8   721.3   4815   207.0   217,4   75.00 

47.80  108.7  103.2  715.6  5313  265.0  217,4  77.45 
52.22   108.7   102.7   712.4   5892  316,0   215.2   78.85 

J7.05    108.7   102.1   708.8   6413  376.8   211.9   79.90 

I^-  Armature  current  of  motor. 

E  -  External  voltage. 

E'-  Internal 

Vg-  Stray  power  loss  of  motor. 

EI  -  Power  taken  by  motor, 
2 
I„  R  -  Copper  loss  in  armature, 
a 

EI^-  Pield  loss. 

E  -  Commericai  efficiency  of  tii»  motor, 
m 


CALCULATED  DATA. 
STJRAY  POWER  ilETHOD.      (Test   Two. )     April  8,   1910. 


86,4  87.3        605,0 

104.6        105.7        734.4 


7.4  82.7        50.30 

9.8        178.6        51.35 


104.6  105.9  736.2  1463  22.1  176.8  61,15 

103.8  106.0  736.0  2036  43.4  175.0  68.05 

102.9  105.8  735.7  2604  72.3  173.1  72.65 

103.0  106.2  737.9  3010  96.4  175.0  75.05 

102.0  105. <  736,2  3520  134.5  173.1  77.30 

102.0  106.4  739.6  3988  172.8  171.3  78.70 

102.0  106.9  743.2  4447  214.7  171.3  79.85 

I  -  Armature  current  of  generator. 
a 

E  -  External  voltage. 

E'-  Intsmal       .» 

Vg-  Stray  power  loss  of  generator. 

EI  -  Power  taken  by  generator. 

I?R  -  Copper  loss  in  armature, 
w  a  . 

EI-.-  Eield  loss. 
E  -  Cormerical  efficiency  of  the  generator. 
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PART  4. 

KAgg*G  OPPOSITION  METHOD. 
The  schome  of  connectiona  for  this  method 
are  as  shown  in  the  diagram  on  paps  57  .   In  this 
toBt  both  machines  were  mechanically  and  elect- 
rically connected.   One  machine  was  used  ar  a 
motor  to  start  the  set  in  notion  and  to  hring  it 
up  to  speed.   The  voltage  of  the  generator  was 
then  made  equal  to  and  opposite  that  of  the  motor 
and  the  electrical  connection  between  the  t^o 
machines  clOBod.   After  the  adjustment  was  made 
and  the  switch  closed  an  interohanfie  of  power  be- 
tween the  two  machines  was  brought  about  by  weak- 
ening tho  motor  field  and  strengthening  that  of 
the  generator.   In  this  case  the  motor  tended  to 
speed  up  and  drive  the  generator  mechanically; 
the  latter,  in  turn,  having  the  higher  pressure, 
drove  the  '^otor  electrically.   By  varying  the 
field  rheostats  on  both  machines  we  obtained  a 
range  of  loads  from  zero  to  full  load. 

in  this  test  the  assumption  that  the  loss- 
es of  the  two  machines  are  equal  is  incorrect  in- 
asmuch as  the  motor  load  is  heavier  than  that  of 


the  /generator,  hence  the  losses  of  the  forner  are 
greater  than  thosg  of  the  latter.   The  result  is 
the  efficiency  of  the  generator  is  slifhtly  lower 
than  it  should  be  afid  Ihat  of  the  notor  is  sliPht- 
ly  higher. 

For  calculating  the  coimercial  efficiency 
of  the  notor  -f^e   used  the  following  equation. 

Com.  Eff .   =  EI'-  1/2   'Vt^ 

For  calculating  the  commercial  efficiency 
of  the  generator  we  used  the  following  equation. 

E  I 

Com.  Eff.= 

li  ii-l/P.   \'L 


P 
where    E  =  teririnal  voltage. 

I'-  current  flowing  "between  the  machines 

plus  the  loss  supplier  current. 

I  =  current  flowing  between  the  machines. 

vVp=  power  supplied  by  the  loss  supplier. 


i:-:pkre3?ttal  T'ata. 


KAPl^'S   OPPOriTiC 


IIC.O 


liLTK^'D. 

(Tent  One. )     April  15 

^. 

v..              I^          IJ- 

.22 

0.0            0.00        0.00 

110.5 
111.5 


112.0  13.00 

Hi.  5  16,50 


111.5  :.7.50 


112.5  18.50 

llc.O  10.00 

113.0  19.50 

112.5  '";0.50 

112.5  21.25 

115.0  22,5 


il3,4 


113.4 
113.  4 
114,3 
115.0 
114.6 


n.lO  114.6 

2.10  115.2 

-  :  3tor  VOii'ijQ. 


5.00        2.30 
10.70        2.38 


;^.12  112.8  15.20        2.42 


21,30  2.53 

2C.:'0  2.46 

30,  SO  2.53 

57,30  2,57 

41.40  2,65 

46.10  2. 68 

51.40  2,61 

56.20  2.72 

61,20  2.78 


unorutor  voltar:'}. 


current. 


-  rieirl 


:a*rintur»J  ,  «r.orator  current. 


yield. 


*IG^, 


Speed  in  r.p.Ei. 


MiA 


CALCULATED  DATA. 
OPPOSITION  IIETHOD.   (Test  One.)  April  15,  1910. 


9.90    1108    00.0    0000    00.00 


14.40 
14,90 
15  50 
16.00 


18.50 


1792    21.3 


17.50    1952 


70.82 
75.11 


3775    79.22 


00.00 


5.0     812    t34.25    66.70 
10.7    1479    63.06    73.55 


77.45 
79.90 


77.74  81.97 


83,05 


18.50 
19.00 
19.50 
20.50 
21.25 


2148    41.4 
2204    46.1 


4553    81.39 


6191    84.45 


84.45 


82.93  85.15 

83.52  85.80 


86.76 


84.81    86.90 


22.50 


7364    85.28 


87.16 


Spsed  in  r.p.m. 
IjQ  -  So^tal  raster  current. 

-  Anuature  generator  current. 
Wp  -  Power  taken  "by  motor  from  line. 
EI  -  Power  from  the  generator. 
E  -  Cot-Ei;  ricai  efficiency  of  the  generator. 
"SL.  "  . .         ..     ....  motor. 


^*- 


->  K 


EXP:^;Rnip::iiTAL  data. 

OPPOSITIOJT  lETIIOJ^.   (Test  T^.to.  )  April  ir^ , 


0.0    OcOO 


14.90        2.11  113.0 

2.03  111.8 

15.50        1.97  111.0 


16.00 


20.00 


1.96  110.3  22.5  2.27 


16.60  1.95  110.8  25.9  2.58 

17.00  1.92  110.3  31.3  2.60 

17.75  1.88  111.0  37.0  2.60 

18.50  1.84  110.0  41.4  2.58 

19.50  1.87  110.8  46.8  2.33 


110.3 


21.00   1.84    110.6 
22.00   1.G5    110.8 


Motor  voltage. 

Generator  voltace. 

5otal  motor  current. 

Jield   ». . 

Afcuature  generator  current. 

Flald       . .       . . 

Speed  in  r.p.m. 


CALCULATED  DATA. 
KAPP'S  OPPOSITION  METHOD.   (Test  Two.)  April  15,  1910. 


9. 90    1108 


0000    00.00 


00.00 


14.90    1662 


68.65 


15.25 


1524    64.49 


15.50 


1698    17.7 


72.24 


78.35 


16.00 


1744    22.5 


2740    75.85 


80.72 


16.50 


1794    25.9    3151    77.84 


81.84 


17.00    1844 


80.43 


83.65 


17.75 


1934    37.0 


81.94 


84.75 


18.50 


1994    41.4 


4833    82.89 


85.46 


19.50    2136 


83.59 


20.00 


2180    50.3    580#    84.18    86.35 


21.00    2378 


84.81 


i2.00    2398    60.2    6932    85.25 
S  -  Speed  in  r. p.m. 
I  -  Generator  armature  current. 

I  -  iieto*^       — 

m 

W  -  Losses  in  both  machines. 
P 

EI-  Generator  output. 

E  -  Commerical  efficiency  of  generator. 

o 

E  -  . .  . .  . .     motor. 
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CAl  IBM  AT  ft  N  CURY^S. 
APRIL  ITJ9I0   : 
A-AHMET^R   *ZI66<0-75) 
B-  AtinCTER  *5m(0-7S>. 
C-  AH  H  ETfR  *  106  (O-  5). 


D-  VOLTMfTE  B   *  44tyS(0~l  SO). 
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PART  5. 
HUTCHIII^:ON*S  OPPOSITION  METHOD. 
The  scbeme  of  connections  for  this  method 
are  as  sho?m  In  the  diagrajn  on  page  51   .   The  ob- 
ject in  this  test  is  to  obtain  an  opposition  me- 
thod which  Till  permit  the  losses  in  the  t'^o  ma- 
chines beinr  nade  more  nearly  equal  than  in  the 
Hopkinaon  and  Kapp  me+hods.   In  the  present  me- 
thod the  fields  \Tere  maintained  equal  and,  conse- 
quently, the  stray  power  "^as  the  same  in  the  two 
machines.   This  m'^thod  retains  the  advantage  of 
economy  of  power.   H^ro  the  fields  received  the 
sane  excitation  and  since  the  machines  wore  mechan- 
ically connected  the  stray  power  in  each  may  be  con- 
sidered equal.   The  armature  copper  loss,  however, 
is  3ore-'hat  larger  in  the  motor  than  in  the  gen- 
erator. 

in  this  test  the  two  Tiachines  were  both 
electrically  and  Tiechanically  connected.   The  set 
was  started  from  the  line  through  the  starting 
box,  *he  switch  between  the  two  machines  being  open. 
•Vhen  the  machines  were  up  to  speed,  the  generator 
field  was  oxcitod,  arjd  vrhen  the  voltages  of  the 


two  machines  were  approximataly  equal  and  opposite, 

the  switch  between  the  machines  was  closed.   After 

this  the  r'9Ciui*'ed.  current  was  estahlished  hetwe^fn 

tho  t-.vo  "lac.hiT-'S  by  siiitably  gxritinf  the  booster. 

In  this  "".rtthoi  the  copr)er  lose  ^an  3n7irli<>d  by 

the  boost'^r.   The  flold  current  was  rialntained 

equal  in  the  t.vo  machines  in  or^er   to  have  the 

same  iron  lo3e. 

For  calculating;  the  cornTnerclal  efficiency 

of  the  motor  "e  used  the  folloTinr'  eouatl'^n, 

^'■i  I.n  -  i  (^  '^  Iff  I  -j:^-E^  I) 
Con.  Eff.  =         P.  ^  f,        X 

-TT  J-rc 
For  oalculatlnf:  the  comitercial  e-^ficlency 
of  the  renerator  we   used  the  following  equation. 


Co'^.  Eff.  = 


1^    T 


where  ^i-Q   =  pressure  across  the  terminals  of 

booster. 

iig  =  pressure  across  the  terminals  of 

generator. 

K„  =  pressure  across  the  terminals  of 
motor. 


L 


i'''f   =  pressure  across  fields  of  generator 

and  motor. 
Irr   =  current  in  arraature  of  jrenerator. 
Ij^  =  current  in  armature  of  motor. 
I^   =  current  supplied  by  the  mains, 
i^  =  current  in  fields  of  raotor  or  generator. 

Im  c.^   =  total  power  delivered  to  armature 
of  raotor. 

E3  Ig.  =  copper  loss. 
'^  '^^   If  «  field  losses. 
(Im'^e^  ^m  "  ^x   \  ~   stray  power  loss. 


^i:r5^ 


:-;':^^ 


EXPERIMEirTAL  DATA. 


HUTCHINSON'S  OPPOSITION  METHOD.   (Test  One.)  April  22,  1910. 


104.5        7.13  109.6  12.9          0.0        2.11  2.16  12.9 

101.3        9.51  108,0  17.7          5.0       2.09  2.  ±4 --12. 7 

106.2     10.32  107.6  22.9       10.0       2.07  2.12  12.9 

99.3     10.94  107.0  27.7        15,0       2.05  2.09  12.7 

98.6     11,55  107,0  32,7        20.0       2,05  2.10  12.7 

97.6     12.14  106.6  37.6        25.0       2,04  2.08  12,6 

97.6  12,81  106.4  42,5        30.0       2.04  2.08  12,5 

96.7  13.20  106.2  47.5  35,2  2.04  2,08  12.3 
96.3  14.86  106.4  52.5  40.0  2.04  2,08  12.5 
95.7  15,00  106.2  57.2  45,0  2,04  2.08  12,2 
94.9  15.90  105.8  62.5  50,0  2.04  2,08  12.5 
94.7  16.05  106.0  67,6  55,6  2,04  2,08  X2.0 
94.5  16.40  106.0  72,5   60,5   2,04  2.08  12,0 

Speed  constant  at  1800  H.F.If, 

Ejn"  Pressure  across  terminals  of  motor. 

B ^-    .,  ..  ,.    ..  generator. 

..  ••  ..    ••  booster. 

"Ef-         ..  ..  fields  of  motor  and  generator. 

I  -  Current  in  armature  of  motor.  ' 

Ig-   ..  ..  ..    ..  generator. 

I'-   ..    ..  field  of  motor, 
m 

I'- .V  ..  generator. 

I  -   . . •   supplied  by  mains. 


CALCULATED  DATA. 


HUTCHINSON'S  OPPOSITION  METHOD.   (Test  One. )  April  22,  1910. 


Vm         2^^ 


12.9  1413.8  462.5 


17.7  1911.6 


451.4 


0.0  1414.0  33.50 

47.6  1372.4  50.85 


22.9  2464,0  445.5  103.2 


2963.9  438.7 


164.1 


1388.0    58.35 
1358.9    66.90 


3498.9 


438.7    231.0 


1358. 9 


4008.2  434.9  305.5  1343.2 


4522.0  434.1  384.3 

5044.5  433.3  464.6 


62.5  6612.5    431.7 

67.6  7165.6    432.5 
72.5    7685.0    432.5 


795.0 


892.4  1272,0 


992.0 


71.15 

74.20 


1330.0    76.25 
1295.6    78.20 


5586.0  434.1  594.4  1330.0  79.00 

6074.6  433.3  675.0  1295.0  80.15 


1322.5    80.65 


81.75 


1272.0    82.35 


I  -  Current  in  armature  of  motor. 
ILI  -  Total  power  delivered  to  armature  of  motor. 
2£fl^-  Pield  losses. 
E.  I  -  Copper  loss. 
^Ij^-  Stray  power  losses. 

E^-  Commerical  efficiency  of  the  motor. 


CALCULATED  DATA. 
HUTCHINSOII'S  OPPOSITION  1£ETH0D.   (Test  One.)   April  22,  1910. 


kh  2EfIj 

0.0  463.5 


1413.8 


506.5 


462.2 


47.6  1371.6 


34.45 


1062.0  456.2 


103.2 


1388.0  52.35 


1489.5  447.0 


164.1 


1358.9  60.35 


20.0  1972.0 


449.0  231.0  1358.9  65.95 


25.0  2440.0 


443.5 


305.5  1343.2 


70.00 


30.0  2928.0  442.6  384.3 


1330.0 


73.15 


35.2  3403.8 


441.8 


464.6  1295.6 


75.60 


40.0  3852.0 


442.6 


594.4  1330.0 


76.50 


45.0  4306.5  441.8  675.0 


1295.6    78.15 


4745.0    440.0    795.0    1322.5 


78.75 


5265.3    441.0 


892.4 


1272.0    80.25 


60.5    5717.3 


441.0 


992.2    1272.0 


81.40 


I  -  Current  in  armature  of  generator. 
g 

EI  -  Total  power  delivored  to  armature  of  generator. 

2E  I  -  Pield  losses. 

E^I  -  Copper  loss. 
^  g 

EI-  Stray  power  losses, 
m  X 

E  -Commerical  efficiency  of  the  generator. 


EJCPERDIEINTAL  DATA. 
HUTCHIirSON'S  OPPOSITION  MSTIiOD.       (Test  Two.)      April  22,    1910. 


101.8        0.00        106.0        12.6  0.0        2.03        2.07        12.6 

99.9        9.50       10S.2        17.6  5.0        2.03        2.07        12.6 

99.4      10.19        106.2        22.8        10.1        2.03        2.07        12.7 


98.7      10.94        106.1        27.5        14.8 


1,01        12.7 


98.6      11.15  106.4        32.6        20.0        2.02        2.06        12.6 

98.2      11.67  106.4        37.6        25.0        2.02        2.06        12.6 

97.6     12.17  106.1        42.4        29.6        2.02        2,06        12.8 

96.9     12.98  106.2        47.4        34.6        2.04        2.0S        12.8 

96.9      13.29  106,6        52.6        40.0        2.04        2.03        12.6 

96.6  14.00  106.8        57.1        44.5        2.04        2.08       .12.6 

95.7  15.00  106.4  62.0  49.5  2.04  2.08  12.5 
95.2  15.95  lOC.'e  67.6  55.2  2.04  2. OS  12.4 
94.5      16.40  106.0        72.5        60.5        2.04        2.08        12.0 

Speed  constant  at  1800  R.P.I'. 

E  -  Prassure  across  tenninals  of  motor. 

S  -    ..  ..       ..    ••  generator. 

g 

E  -    ..  ..       ..    ..  bolster.  ^ 

E.-    .,  ..   fields  of  motor  and  generator. 

I  -  Current  in  armature  of  motor. 

m 

I  -       , ,  . .        . .            . .   generator. 

g 

I«-        ,,  ..    field  of  motor. 

m  , 

ji-'^ , ,  generator. 

I  -       ,,  supplied  "by  mains. 


CALCULATED  DATA. 


HTJTGIIINSOJM'S  OPPOSITION  METHOD.       (Test   Two.)      April  22,    1910. 


1336.0 


2EfIf 
430.2 


1335.6    33,95 


1869,0    431.1 


1338.1    51.45 


2421,0    431,1    102,9    1348.7 


61,10 


2918,0  431.8          161.9  1347.5 


66.85 


3468.0 


429.9  223.0 


1340.6  71.30 


37,6    4000,0    429.9    281.7 


1340,6 


74.45 


42.4    4498.6 


428.6 


360.2 


1358.0 


76.25 


5033. 9 


433.3 


449.1 


1359,4 


77.80 


5607.2    434.9    531.6    1343,2 


57,11        6098.3 


435.9  623.0 


1345.7 


79.50 
80.30 


6596.8 


434.1 


7206.2    434.9 
7685,5    432.5 


742.5  1330.0 


877.4 


992,0          1272,0 


81.00 


1321.8  81.25 


82,35 


Ijj^-  Current  in  anaature  of  motor. 
E  Ijjj-  Total  power  delivered  to  the  armature  of  motor. 
2EjI_-  Pield  losses, 
Ejjl-  Copper  loss. 
Ej^I  -  Stray  power  losses. 


E-  Commerical  efficiency  of  the  motor, 
m 


CALCULATED  DATA. 
HUTCHINSON'S  OPPOSITION  METHOD.   (Test  Two.)  April  22,  1910. 


2E^I, 
438.9 


0.0  1335.6 


499.5  439.7 


1338.1  34.15 


1003.9    439.7    102.9    1348.7 


50.25 


14.8    1460.8    439.3    161.9 


1347.5    60.10 


1972.0    438.4 


223.0 


1340. 6 


66.40 


25.0    2455.0    438.4    281.7 


1340.6 


70.45 


2889.0    437.1 


360.2 


1358.0 


72.85 


3352.7  441.8  449.1  1359.4 


74.95 


3376.0 


443.5 


531.6  1343,2 


77.00 


4298.9    444.1    623.0    1345.7 


78.00 


49.5    4737.2 


442.6 


742.5 


1330.0    78.85 


55.2    5255.0    .443.5    877.4 


1321.8 


80.00 


5717.3    441.0 


992.2    1272.0 


81.40 


I  -  Current  in  armature  of  generator. 

EI-  Total  power  deliyered  to  armature  of  generator, 

"b|i§- 

f  ^  Pield  losses. 

Ejjig-  Copper  loss. 

EI-  Stray  power  losses, 
m  X 

E  -  Commerical  efficiency  of  the  generator. 
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P  A  R  T  -  6. 
BLOND'^L  OPPOSITION  I^t-'THOD. 
The  scheme  of  connections  for  th^.s  method 
arc  a3  shcvn  In  the  dift<rram  on  pajrp  87.   In  this 
method  the  t-70  Kachines  ijnder  test  -."-ere  Tsechanically 
and  olQctricF.lly  connected  \7hlle  r  thjrd  r^achine 
v/ac  mec'^^i.iTica.llv  connocted  to  the  set.   T''h,?  r?et  was 
started  and  "broup'ht  up  to  speed  hy  the  auxiliary 
motor  ^Ith  the  switch  bet-Teen  the  tw-*o  electrically 
connected  jnac^'ines  open.   The  fields  of  both 
nachiness  wer^^  t>cn  excited  to  t>^e  renulred  value, 
and  Then  the  voltmeter  ,p;ave  the  same  reading  on 
each  machine,  tho  g-^ritch  bot'veen  the  t'.70  wan  cUoeed. 
V'Ty  little  current  flowed  bet^e^n  the  t^o  Ftaehtnes, 
the  armature  currents  belnp  In  opposition.   By  ex- 
citing the  booster  eo  as  to  ndd  its  voltage  to 
that  of  the  generator,  any  desired  curr'^nt  could 
b'^  made  to  circulate  between  the  t'-ro  machines. 
By  regulating  the  field  rheostats  of  the  tvro 
p.ac^lnos,  the  spood  of  the  auscillary  motor,  and 
the  booGtor  voltage,  nny  desired  conditions  of 
curront,  voltr\re,  irid  speed  of  the  '^et  under  test 
could  be  established. 


The  power  taken  from  the  hooater  supplied  the 
copper  lOBsea  in  the  arnatui^e.   The  aioxlllary 
motor  supplied  *lie  ntraj'  pownr  lossos  of  tho  t7ro 
machines. 

For  calculating  the  commercial  efficiency 
of  the  riotor  we  used  the  follcvlng  equation. 

1^1  -  ^a  -  ''b 


Com.lSff.  = 


For  calculating  the  com"ierclal  efficiency 
of  tho  Generator  wre  used  the  following  equation. 

lEg  -  Pf 

Cor..  Sff.s 


lEg  4-  P^  +  Pp 
Where  iKi  =  power  delivered  to  the  motor  terminals 
lEg  =  power  delivered  by  the  generator 
armature . 
Pg^  =s  I'^R  loss  in  armature. 
Pj.  =  I^B  loss  in  field. 

P  =  stray  power  loss  in  either  machine. 
Pj)  =  power  delivered  by  auxiliary  motor. 

■"■a  -  "^ 


EXPERIMENTAL  AND  CALCULATED  DAtV 
BLONDEL  OPPOSITION  lETHOD.   (Test  One.)  April  29,  1910. 


2.18      109.6        0 
2.18      106.6        5 


.00        000      721.8  0.0      224,8        0.0 


.88        533      721.8 


2.9     224.8      


2.18  106.2  10.2  1.73  1083  521.8  12.1  224.8  26.82 
2.18  106.0  15.4  2.42  1632  726.8  27.6  224.8  42.35 
2.18  105.6  20,6  3.00  2175  735.9  49.1  224.8  58,00 
2,17  105.2  25.7  3,48  2706  741,5  76.6  222.7  64.55 
2.17  105.1  30,7  4.07  3227  750.9  109.3  222.7  68.75 
2.17  104.7  35.6  4.52  3727  764.8  146.9  222.7  71,35 
2.17  105,0  40.9  4.95  4262  778.2  194,0  222.7  73,30 
2,17  104,1  45,9  5.21  4778  797.3  244.3  222,7  74,65 
2.17  103,3  50.8  5.85  5248  797.3  299.3  222.7  76.00 
2,17  103,1  55.9  6.35  5763  811.5  362.3  220.9  76.85 
2,17  103.1  59.8  6.30  6165  823.2  414.8  220.9  77.15 
107.2  -  Mo tot  field  voltage. 

I»-  ..    ..   current. 

E  -  . .   armature  voltage. 

I  -  ..     ..     current. 

E,  -  Booster  voltage. 

EI-  Motor  input. 

P  -  Stray  power  loss. 

8 

P  -  Copper  loss  in  armature. 

Pj,-   field. 

E  -  Commerical  efficiency  of  the  motor, 
m 


JlXPEKII.tE]NTAL  AND  CALCULATJ^  DATA-. 
BLONDEL  OPPOSITION  UETHOD.   (Tsst  One.)   April  29,  1910. 


2.05  105.9  0  .00  000  721.8  0.0  199.6  0.0 

2.05  106.9  5   •  .88  535  7;:1.8  2.8  199.6  26.61 

2.05  105.7  10.2  1.73  1078  721.8  11.7  199.6  48.45 

2.05  105.0  15.4  2.42  1632  726.8  26.8  199.6  60.00 

2.05  105.3  20.6  3.00  2169  735.9  47.9  199.6  70.15 

2.04  105.3  25.7  3.48  2706  741.5  74.6  197.6  71,25 

2.04  108.5  30.7  4.07  3331  750.9  106.5  197.6  74.80 

2.04  103.5  35.6  4.52  3863  764.8  143.2  197.6  76.85 

2.04  108.5  40.9  4.95  4438  778.2  189.1  197.6  78,45 

2.04  103.5  45.9  5.21  4980  797.3  238.1  197.6  79.55 

2.04  108.5  50.8  5.85  5512  797.3  291.7  197.6  80.46 

2.04  108.5  55,9  6,35  6065  811.5  353.1  197.6  31.00 

2,04  108.5  59.8  6.80  6488  823.2  404.0  197.6  81.60 

107.2  -  Generator  field  voltage. 


!• 


current, 
amatura  woltago. 
. ,    current. 


E.  -  Booster  voltage. 
EI  -  Generator  output, 
P„-  Stray  power  loss  in  generator, 
p  -  Copper  loss  in  armature. 

Py  -   field. 

E_.  -  Coimaerical  efficiency  of  generator. 


EXPERIMENTAL  AND  CALCULATED  DATA. 
BLONDEL  OPPOSITION  METHOD.   (Test  Two.)  April  29,  1910. 
C     E^    EI     P^     P^ 


2.16      108.5        0 


2.16      106.2        1 


0            0000     69099          0          220.9       0.0 
1.55        531     697.8  2.9     220.9     


2.16      106.0     10,2     1.60     1081     721.8        12.1    .220.9     26.70 

2.15  105.1     15,4     2,55     1619     732.8        27.5      218.7     46.65 

2.16  105.1  20.6  3.10  2165  735.9  49.1  220.9  55.55 
2,16  105.9  25.7  3.50  2722  750.9  76.6  220.9  64.35 
2.15      105.3      30.7      4.00      3233      764.8      109.3      218,7      68.35 

2.15  104.6     35.6     4.64      3724      782.0      146.9     218.7      70.90 

2.16  104.4  40,9  4.96  4220  793.5  194.0  220.9  72.85 
2.16  104,1  45.9  5.55  4778  793.5  244.3  220.9  74.95 
2,16      103.6      50.8     6.05      5263     811.5     299.3     220.9     75.85 

2.16  103.1     55,9     6.35     5763     814.1     362.3     220.9     76; 50 

2.17  103.1     59.8     6.80     6165     823.2     414.8     220,9     77.15 

107.2  -  Motor  field  voltage. 
I'-       ,.          ..     current. 
E  -       • .  amuiture  voltage, 
I  -       ..          ..  current, 

Ejj-  Booster  voltage. 
EI-  Motor  input. 
P^-  Stray  power  loss. 
P  -  Copper  loss  in  arraatiira. 
P^- field. 


E  -  Coinmerical  efficiency  of  the  motor. 

m 


EXPERIIffiNTAL  AND  CALCULATED  DATA. 
BLONDEL  OPPOSITION  METHOD.   (Test  Two.)  April  29,  1910. 


.00   000  692*8 


0.0  195.7   0.0 


2,02  105.3 


1.55   527   697.8    2.8  193.8  26.25 


2.02  104.5  10.2  1.60  1066   721.8   11.8  19:5.8  47.85 

2.02  lOS.O  15.4  2.55  1617   732.8   26,8  193.8  60.10 

2.03  105.3  20.6  3010  2167  735.9  47.9  195.7  66.80 
2.03  106.5  25.7  3.50  2737  750.9  74,6  195.7  71.25 
2.02  106.9  30.7   4,00  3282  764.8  106.5  193.8  74.25 

2.02  107.6   35.6  4,64  3831  782,0   143.8  193.8  76.50 

2.03  107,9  40,9  4,96  4413  193.5  189.1  195.7  78.20 
2.03  108.5  45.9  5,55  4980  793.5  238.1  195.7  79.60 
2.03  108,5  50,8  6.05  5512  811.5  291,7  195,7  80,35 
2.03  108.5  55,9  6,35  6065  814.1  353,1  195.7   81.25 

107.2  -  Generator  field  voltage. 
It-     ,.     ,,   current. 
11  -     .,    armature  voltage. 
I  •     .,       ..    current. 

E.  -  Booster  voltage. 
EI  -  Generator  outplt. 

P  -  Stray  power  loss  in  generator. 

Pa-  Copper  logs  in  armature. 

"Sf^       •  •    ♦ .   •  •  field, 

E-  Coramerical  efficiency  of  generator, 
g 


BLONDEL  OPPOSITION  METHOD.   (Test  One.)  April  29,  1910 
Efficiency  of  the  Northern  Motor. 


107,2 
107.2 
107.2 
107.2 
107.2 
107.2 
107.2 
107.2 
107.2 
107.2 
107.2 
107.2 
107.2 


485.4 
485.4 
485.4 
486.1 
487.7 
488.5 
489.9 
492.3 
493.9 
497.0 
497.0 
498.7 


501.2 


I  -  Armature  current. 
E  -  Motor  voltage. 
EI  -  Motor  input. 
P  -  Losses. 
E»-  Motor  efficiency. 


BLONDEL  OPPOSI'x^ION  lETHOD.   (Test  Two.)  April  29,  1910. 
Efficienoy  of  the  Northern  Motor. 


107.2 


481.0 


107.2 


481,7 


107.2 


485.4 


107.2 


486.8 


107.2 


487.7 


107.2 


489.9 


107.2 


492.3 


107.2 


494.8 


107.2 


496.3 


107.2 


496.3 


107.2 


498.7 


107.2 


499.5 


107.2 


501.2 


I  -  Armature  current. 
E  -  llotor  voltage, 
EI  -  Motor  input. 


P  -  losses. 


E»-  Motor  efficiency. 


EFklClEI^CYA 
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P   A   R  ^      7. 

H0x^i.x...-.0i4*s  gj-pgsiticm  method. 

The  schene  of  connectionr.  for  this  nothod 
are  as  nhovfn  in  the  diapran  on  puf.o  BZ  .  la   thia 
method  the  two  liice  oachlnes  -vere  connocted  both 
electrically  and  'nechanically,  go  that  power  waa 
supplied  from  the  generator  to  the  :^otor  e-loct- 
rlcally  and  fror  the  motor  to  the  generator  reoh- 
anically;  the  loenea  heing  supplied  fropi  a  separ- 
ite  mechanical  source.   The  three  r^aohines  ^ere 
brought  up  to  npeed  by  starting  the  ouxlliary 
notor  in  the  uaual  "^anner,  the  w^itch  between 
the  two  test  machines  being  open,   -the  tost  p'en- 
erator  and  motor  v^ere  in  electrical  oppoaltion 
and  their  tf^rminal  vcltagon  were  made  equal  be- 
fore the  Bvitch  vas  closed  bet'^reon  tho"^.   After 
this  ad  .^ustr.ent  «ra8  made  and  the  switch  clos-»d, 
an  interchange  of  po^er  betT7eon  the  not  or  and 
generator  could  be  brought  about  by  weakdinlng 
the  motor  field  and  strengthaning  '^hat  of  the 
generator,  in   this  case  t'e  '::otor  tendod  to 
speed  up  and  ririve  the  generator  mechanically; 
the  latter,  in  turn,  having  the  higher  voltage, 
drove  the  "^otor  electrically. 


For  calculating  the  coTmnerclal   efficiency 
of   the  motor  'vo   viaed   the  follov^ing  equation. 

Com.Eff.    «  ai       II  -^1  . 


P'or  calculating  the  corar.ercial  efficiency 
of  the  generator  we  used  the  following  equation. 

T  V 


Com.  Eff.  — 


I  •-'o  +  P^^  t    P^-,  f^Pso 


.Vhere     I  i^j    =  Power  supplied   to  motor. 

IK,,  =  Power  delivered  by   "renerator  to  inotor, 

P^]^   =  I 'R  loss   in  armatur'e   of  rrotor. 

Pg^o  -  I^R  loss  in  armaturg  of  generator . 

Pf^  =  I^R  loss  in  field  of  motor. 

Pfp  =  I'^K  loss  in  field  of  generator. 

Pg^  =  stray  power  Iop"  in  motor. 

Pgp  =  stray  power  los3  in  generator. 

pQ     =  power  supplied  by  auxiliary  motor. 

^B  -  f^ai  ^    Pao  t   Pf  1  +  Pfp) 


1>   =  p 


EXPmiMEHTAL  AND  CALCULATED  DATA. 
HOPKINSON'S  OPPOSITION  METHOD.   (Teat  One.)  April  29,  1910. 


2.16   105.3 
1.99   106.0 


000   711     0     220.9    0:0 
530   696     2.9   188.3   36.59 


1.90   105.0   10.2   1071   696    12.1   170.7   53.19 


1.87   104.0   15.4   1602 


27.5   165.1   63.25 


1.83   104.0   20.6   2142   702    49.1   158.4   69.30 


1.82   103.5   25.7   2660   679 


76.6   156,6   73.45 


1.75  103.0  30.7  3162  664  .  109.3  144.9  76.95 
1.71  102.5  35.6  3649  652  146.9  138.1  78.45 
1.71  102.0  40.9  4172  651  194.0  138.1  80.10 
1.69  101,8  45.9  4654  639  244.3  135.3  81.40 
P^.66  100.9  50.8  5126  665  299.3  130.4  81.85 
1.66   100.5   55,9   5618   618   362.3   130.4   82.90 

I*-  Motor  field  current. 

E  -  .,  armature  voltage. 

I  -  . ,      . .   current. 
EI  -  ..   input. 

P  -  Stray  power  loss. 

P  -  Copper  loss  in  anaature. 

P^-  ..     ..   ..  field. 

E  -  CoEuaercial  efficiency  of  the  motor. 

m 


EXPERIlIEaiTAL  AND  CALCULATJilD  DATA. 
HOEiaNSON'S  OPPOSITIon  METHOD.      (Test  One.)     April  29,   1910. 


2.18   107,3 
2.16   106,3 


000   711 

532   696 


2.12   105.7    10.2   1078    696 
2.11   105,1   15.4   1619   705 


0.0  225.4  0,0 

2.8  221,8  36.59 

11.8  213.5  53.90 

26.8  211,2  63.25 


2.10        104. 


20,6    2159   702    47.9   209.5   69.30 


2.09   104.0   25.7    2673   679    74.6    207.3   73.45 
2,09   103.9   30,7    3190    664   106.5    207.3   76.95 


I. OS        103.3   35. 


3678   662   143.2   205.7   78.45 


2.06    103.1   40.9   4217    651   189.1    201.4   80.10 
2.05   102,8   45,9   4719   639   233,1   199.5   81.40 


2,05   102.3   50.8   5197   665 


>91.7   199.5   81.85 


2.05    102.1   55,9    5707    818   353.1   199,5   82,90 
I»-  Generator  field  current, 
E  -    •.     armature  voltage, 
I  -    ,,        ,.    current, 
EI  -    .,     output, 
P„-  Stray  power  loss, 
P  -  Copper  loss  in  armature. 
P^-   ..     ....  field, 

E  -  Commerical  efficiency  of  the  generator, 

S 


EXPERIMSNTAL  AND  CALBULATED  DATA. 
HOPKINSON'S  OPPOSITION  METHOD.   (Test  Two.)  April  29,  1910. 


2.11   105.3 
1.99   106.4 


000   684 
532   693 


1.94  105.3  10.2  1074  709 

1.89  104.8  15.4  1614  704 

1.86  104.0  20.6  2142  699 

1.82  103.2  25.7  2662  693 


0  210.5  0.0 

2.9  188.3  34.  «0 

12.1  177.8  53.80 

27.5  169.0  63,40 
49.1  163.7  69.45 

76.6  156.6  73.65 


1.79   103.0   30.7   3162   701   109.3   151.6   76.25 
1.79   102.5   35.6   3649   699   146.9   151.6   78.10 


1.74   102.5   40.9   4192 


194.0   143,3   80.10 


1.82  102.0  45.9  4682  662  244.3  140.0  81.25 
1.6©  101.5  50.8  5156  632  299,3  135.3  82.40 
1.66        100.5        55.9       5618       618       362.3       130.4       82,90 

II-  Motor  field  current. 

E  -     . ,     amature  voltage. 


current. 


input. 


P^-  Copper  loss  in  araature. 
P^--   field. 


P„-  Stray  power  loss, 

E  -  Commercial  efficiency  of  the  motor. 


EXPERHCENTAL  AND  CALGITIATED  DATA. 
HOPKINSON'S  OPPOSITION  METHOD.   (Test  Two.)  April  29,  1910, 


2.17   107.6 
2.16   107.2 


000   684 

536   693 


2.12   106.3   10.2   1084   709 
2.11   105.7   15.4   1628   704 


0.0  223.5  0.0 

2.8  221.8  34.50 

11,8  213.5  53.80 

26.3  221.2  63.40 


2.11   105.3   20.6   2169   699    47.9   211.2   69.45 


2.10   104.8   25.7   2693   692 


74.6   209.5   73.65 


2.09   104.1   30.7   3196  701   106.5   207.4   76.25 

2.0^   104.0   35.6   3702  699   143.2   207,3   78.10 

2o09   103.9   40.9   4250  665   189.1   207.3   80.10 

2,06   103,4   45.9   4736  662   238.1   201.4   31.25 

2.06   103.0   50.8   5232  632   291.7   201.4   82.40 

2.05   102.1   55.9   5707  618   353.1   199.5   82.90 

!•-  Generator  field  current. 

E  -   ..  armature  TOltage. 

I  -   • .  ••     ourrtnt. 

EI  -   ..  output. 

P_-  Stray  power  loss. 

s 

P  -  Copper  loss  in  annature. 
P^-   field. 


E  -  Gonaaercial  efficiency  of  the  generator. 


HOPKIHSON'S  OPPOSITION  IIETHOD.   (Test  One.)  April  29,  1910. 
Efficiency  of  the  Hortheni  Motor, 


519.6 


515.9 


77.85 


107.2 


515.0 


107.2 


518.6 


519.6 


107.2 


520.9 


107.2 


529.9 
536.8 
543.3 
551.1 


564.0 


I  -  Armature  current, 
E  -  Motor  voltage, 
EI  -  Motor  input. 


P  -  Losses. 


E'-  Ho tor  efficiency. 


HOPKIHSON'S  OPPOSITION  METHOD.   (Test  Two.)  April  29,  1910. 
Efficiency  of  the  Northern  Motor. 


107.2 


515.1 


107.2 


515.1 


107.2 


517.6 


107.2 


518.6 


107.2 


520.5 


107.2 


534.2 


107.2 


532.0 


107.2 


538.8 


107.2 


540.7 


107.2 


549.0 


107.2 
107.2 


554.2 
564.0 


I  -  Armature  current. 
E  -  Motor  voltage. 
EI  -  Motor  input. 
P  -  Losses. 


E»  -  Motor  efficiency. 
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cg:ici.usicn. 

In  the  i'rony  brake  method  on  thin  net  it 
was  rather  diffioult  to  obtain  v  ry  accurato  results 
duo  to  the  big^i  epeed  and  small  oapacitioo  of  tho 
raachinQB.   ihe  oapacitieR  of  the  nachinoo  being  email 
the  differences  in  the  scale  readings  -vitV!  chanpos 
in  load  vero  also  rather  small.   A  slight  error  eii- er 
thereforo,  in  obtaining  the  weight  would  prob'^-bly 
produce  a  considerable  orror  jn  the  officloncy. 
Also  due  to  the  high  speed  of  the  raachinea  consider- 
able heat  was  produced  In  the  pulley  which  effected 
the  friction  and  aade  it  rather  difficult  to  obtain 
readings  on  the  scale.   It  can  be  aeon  fron  the  curves 
on  papos  16  and  17  that  the  efficiency  obtained  by  this 
nethod  vms  higher  than  that  obtainod  by  the  othe^- 
r?ethod3  -.vitK)  the  exception  of  Kapp*s. 

Tho   los-^eg  in  an  electric  machine,  vrhether 
running  as  a  ??otor  or  a  generator,  can  be  sub- 
diviied  into  three  clasaea: 

(1)  Copper  losses  in  the  amatur-o  and  field 
ctrculta. 

{P)    Iron  losses. 


(a)  KyflteroaiB   loss. 

(b)  Fddy  ciUTf>nt   lonn. 
(^)    :'.eclic.nlcal   loeses. 

(a)  Boarlnn  frlrtlon. 

(^)  Uru??:-!  frictioi. 

(c)  'Vlndaf^e. 

The  copper  Iobb  nord  not  be  detormirod  «x- 

peri-Tientally;  it  is  only  neceeaai-y  to  reaeura 

the  resistance  of  tl^e  windings;  and  calculate  the 

I^K  loss  ^or  Any  deeir'^d  value  of  current.   Tlie 

iron  loae  In  any  macMne  depends  upon  the  Tna<tne- 

tic  flux  n.nd  upon  the  speed.   In  a  shimt  ^ound 

machine  the  flux  is  constant  as  lonr;  as  the  field 

current  is  constant.   The  brush  friction  and  the 

windage  losses  depend  upon  speed  only.   The  ^•ear- 

ing  friction  is  ccnstant  in  a  direct  connected 

machine.   It  is  custonary  to  ansune  the  iron  and 

friction  losses  in  a  shunt  ^fotjnd  nachine  as  oon- 

all 
stant  atAloads.   This  method  of  figuring  efficiency 

from  losses  Ir  not  quite  correct,  for  the  reason 
that  the  speed  does  not  remain  altoj^ether  con- 
stant at  all  loads,  but  nay  drop  a  few  per  cent 
between  no  load  and  full  load. 


As  Can  be  seen  froi"  the  curves  on  pares 
3/,3S,33  and  34  the  ef  Icioncy  ag  obtained  by  the 
stray  power  method  is  lower  than  that  obtained  by 
any  other  method. 

The  Bondel  opposition  irethod  i3  thf»ore- 
tically  the  moat,  rational,  bacauae  the  electrical 
loss  is  supplied  electrically,  while  the  mechani- 
cal losses  are  supplied  inec^anlcilly;  Ite  din- 
advantaprf?  is  that  it  requires  a  booster  and  an 
auxiliary  r.otor.   Omitting  the  booster  and  rupply- 
inp  all  the  losses  gives  Hopkinson's  M-^thod;  this 
method  is  not  as  pood  as  Blondel's,  In  that  it 
gives  only  approximate  results  for  efficiency. 
Omitting  the  auxiliary  notor  in  the  Blondel  method 
gives  the  ^app  and  Hutchinson  Method.   In  these  tests 
all  the  losses  are  supplied  electrically,  either  by 
a  booster  or  directly  from  the  line,  or  by  both 
methods. 

The  absolutely  correct  method  of  these 
two  is  that  of  Hutchinson,  in  rhich  the  copper 
loss  is  supplied  by  the  booster  and  the  iron  loss 
plus  the  friction  is  supplied  from  the  line.  Kapp's 
method  omits  the  booster  and  supplies  all  losses  from 
the  line. 


This  method  gives  only  apprcMimate  results  for  eff- 
iolencyt   in  HopVlr.ir^on'c  rothod  sincQ  the  two  nia- 
chinos  are  nearly  o  uully  loaded  it  "^ay  be  ae?uned 
that  their  of '^^iciencies  Tor  auy  part.'oular  valu-^ 
of  current  are  oqut.l.   This  io  not  u'-.rlotly  so, 
as  the  rotor  will  te  io.aded  ^c  e  ^rc&t'^r   oxteiit 
than  the  f~enerator,  and  the  excita  ion  of  Inn  fen- 
erator  'Till  he  greater  than  that  of  the  rotor. 
The  theoretically  correct  nothod  for  detennininc 
efficiency  io  thet  of  rlutchineon,  ^'-ero  the  looeee 
are  Bupplic3d  partly  in  aeries:,  ind  partly  Ir.  parallel, 

The  advantage  of  the  oppooltlcn  no'.h'do 
over  the  ^-Tony   braJce  and  ..tray  ..-'c  7ar  methods  io 
that  large  nachines  can  be  tested  at  all  loadr 
without  taklnjT  h-avy  currents  frci--,  the  supply 
mains.   TJtIb  is  sorcetiices  a  matter  of  Rri^at  in- 
portance.   Althou^b  of  very  great  practical  u?e, 
the  Hopkinson  test  has  the  disadvantage  that  the 
fields  of  the  machines  are  unequally  excited,  and 
consequently  the  iron  losees  are  not^in  the  two 
nachinee  and  are  not  of  the  nornal  value  in  the 
case  of  the  rotor- 


Tho  test  propoaod  by  Hop'rlnson  was  for  large  ma- 
chinee  and  with  ruch  n:\chlnes  the  results  obtain- 
ed are  qui  to  oatiafBctory,   ".71  th  snail  maohinee  two 
factors  intorfei^e  seriously  with  the  accuracy  of 
the  results.   In  the  case  of  ninall  nnchines,  the 
current  taken  by  tho  irotor  in  driving  the  gener- 
ator when  the  latter  ie  ^riving  no  current  is  a  con- 
siderable fraction  of  the  normal  full  load  curr^^nt 
of  the  '.notor.   '"hus  the  T.^ichines  are  never  oven 
approxinately  ooually  loaded,  the  motor  l»avinp 
al.Taya  a  nuch  heavier  output.   The  machines  thus 
do  not  worV  on  tho  sane  part  of  the  efficiency 
curve;  and  altbcurh  they  might  have  the  ea^-e  ef-^- 
icloncy  vThen  working  at  the  same  load,  it  is  not 
correct  to  assume  that  they  have  the  sane  eff- 
iciency when  ono  is  driving  the  other.   For  tho 
sane  reasons  it  Is  necessary  with  staall  machines 
to  produce  a  relatively  great  difference  in  the 
field  strength  of  notor  and  prenorator  in  order 
that  the  motor  may  give  the  necessary  output  re- 
quired to  overcome  the  no  load  losoes.   '.'ith 
small  raac'-^ines  the  working  conditions  cannot  there- 
fore be  considered  to  be  normal  as  regards  the  loss- 
es of  the  r^achines. 


in   our  testing  we  fotind  Potier's  method 
impossible  to  perform  on  this  set  due  to  the  fact 
that  the  field  of  the  raotrr  must  he  stron/?er  than 
that  of  the  generator  which  was  not  true  in  this 
case.   The  field  of  the  Tr<otor  must  bo  otronper 
than  that  of  the  generator  in  ordor  to  give  it 
an  additional  torque  for  overcoming  the  iron  and 
friction  losses  of  the  set. 
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